
https://e-jbm.org/    207

Copyright © 2021 The Korean Society for Bone and 
Mineral Research

This is an Open Access article distributed under the terms 
of the Creative Commons Attribution Non-Commercial Li-
cense (https://creativecommons.org/licenses/by-nc/4.0/) 
which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original 
work is properly cited.

Specific Bioactive Collagen Peptides in Osteopenia 
and Osteoporosis: Long-Term Observation in 
Postmenopausal Women
Denise Zdzieblik1, Steffen Oesser1, Daniel König2,3

1CRI, Collagen Research Institute, Kiel, Germany  
2Center of Sports Science, Department for Nutrition, Exercise and Health, University of Vienna, Vienna;  
3Faculty of Life Sciences, Department for Nutrition, Exercise and Health, University of Vienna, Vienna, Austria

Background: The effects of specific collagen peptides on bone mineral density (BMD) in 
subjects with osteoporosis or osteopenia have already been investigated in 131 post-
menopausal women in a randomized controlled trial. The purpose of this follow-up ob-
servation was to determine the longer-term effects of the same specific bioactive colla-
gen peptides after a total intervention time of 4 years. Methods: In this open-label fol-
low-up observation, 31 postmenopausal women with reduced BMD (initial T-score lower 
than−1 of either the femoral neck or the lumbar spine) completed the follow-up. BMD 
was measured via dual energy X-ray absorptiometry. Absolute changes in BMD and T-
scores in the spine and femoral neck were assessed. The number of fractures was also 
recorded. All participants received specific bioactive collagen peptides. Results: Supple-
mentation with bioactive collagen peptides during follow-up led to a clinically relevant 
increase in BMD in the spine. These findings were consistent with the results for the fem-
oral neck. Conclusions: Long-term supplementation with specific bioactive collagen 
peptides appears to be effective in counteracting losses in BMD. Moreover, significant 
increases in BMD could contribute to improved bone stability.
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INTRODUCTION

Osteoporosis is characterized by an imbalance of anabolic and catabolic pro-
cesses in the bone. The consequence is reduced mineralization of the bone and fi-
nally loss in bone stability. An increased osteoclast activity (high turnover), a re-
duced osteoblast activity (low turnover) individually or in combination (bone at-
rophy) can lead to an imbalance in bone metabolism.[1] The consequence of os-
teoporosis is an increased risk of fractures. Approximately 34% of all women - pre-
dominantly post-menopausal - suffer from osteoporosis.[2] Lack of exercise, mal-
nutrition (especially reduced calcium and vitamin D supply), endocrinological dis-
orders or the intake of medications can have a negative effect on the mineral bal-
ance of the bones.[3]

Physical activity [4,5] and an adequate protein intake (1 g/kg body weight daily) 
[6] are basically recommended for osteoporosis prevention. In addition, a sufficient 
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intake of calcium (>1,200 mg/day), vitamin D (800 IU) and 
vitamin B12 should be taken into consideration.[7,8] The 
basic therapy for osteoporosis is often inadequate since 
age-related bone loss results from hormonal changes. Hor-
mone therapies, estrogen receptor modulators or bisphos-
phonates are, therefore, available for treatment. However, 
some of these drugs are often poorly tolerated and have 
serious side effects in individual cases.[7] Only 12.9% to 
72.0% of all osteoporosis patients worldwide use treatment 
options within the first 2 years.[9] Therefore, well-tolerated 
and effective therapeutic approaches are of high impor-
tance.

For some years, dietary supplements and collagen pep-
tides have gained increasing attention as alternative thera-
peutic measures in osteoporosis. The results of clinical stud-
ies have shown that the additional administration of colla-
gen peptides increases the osteoprotective effect of calci-
tonin administration.[10] A recent study also demonstrat-
ed that bone mineral density (BMD) is improved by the si-
multaneous intake of collagen peptides, calcium, and vita-
min D.[11] Collagen peptides are thought to improve calci-
um retention [12,13] and directly influence bone metabo-
lism by releasing growth hormones and regulating the os-
teoblast function.[14]

König et al. [15] previously reported an osteoprotective 
effect of specific collagen peptides in 131 postmenopausal 
women with reduced BMD in the spine and femoral neck. 
After 1 year, the daily intake of 5 g of collagen peptides re-
sulted in a statistically significant increase in the T-score 
considering the diagnosis of osteoporosis and the assess-
ment of fracture risk. Changes in bone turnover markers 
indicated favourable anabolic processes in the bone. In 
contrast, in the placebo group, T-score and bone turnover 
markers showed a continuous decrease in BMD.[15]

The purpose of this follow-up observation was to deter-
mine the osteoprotective effect of 5 g specific collagen pep-
tides (FORTIBONE®; GELITA AG, Eberbach, Germany) in con-
tinuation of the study by König et al. [15].

METHODS

1. Design and participants
This investigation was a non-controlled, open-label fol-

low-up observation. At the beginning of the follow-up, all 
participants received the specific bioactive collagen pep-

tides. 
Data from 31 postmenopausal (amenorrhea for at least 1 

year) women with reduced BMD (initial dual energy X-ray 
absorptiometry [DXA] T-score of −1 or lower on either the 
femoral neck or the lumbar spine) were included in the sta-
tistical analysis.[15] Women with severe chronic disease, co-
morbidity or medically or endocrinologically induced os-
teoporosis were already excluded in the initial study. Re-
ported medical treatment for osteoporosis within the last 
year was also defined as an exclusion criterion. In addition, 
unstable weight and eating behavior led to the exclusion of 
the examined subjects. Participation was also not possible 
if participants were allergic to the investigational product.

2. Efficacy outcomes
The changes in T-scores and BMD - determined as bone 

mineral content per area in g/cm² - in the spine (lumbar 
vertebrae 1–4) and the femoral neck were the outcome 
variables of the follow-up. For this purpose, differences be-
tween the start of the follow-up and the fourth year of in-
tervention were compared. The T-scores and BMD were 
measured at the start and again after the second, third and 
fourth year of the follow-up using DXA (Stratos DR Dual Fan 
Beam, Degen Medizintechnik, Heppenheim, Germany).

Although DXA is the gold standard for determining BMD, 
the clinical relevance of osteoporosis is based on the de-
velopment of fractures.[16] Therefore, the occurrence of 
fragility fractures was assessed, too. 

At each study visit patients’ self-reported adverse events 
were collected for safety analysis. The monitoring of the 
data entry was performed by the study centre. Any con-
cerns were clarified directly with the study physician and 
the participants’ medical reports.

3. Investigational product
The same bioactive collagen peptides (FORTIBONE®) from 

the main randomised control trial with a high safety (GRAS 
status) were used for this intervention. The peptides derive 
from specific hydrolysis of type I collagen with a mean mo-
lecular weight of about 5 kDa and are clearly defined by 
the molecular weight fraction and the amino acid profile. 
The test product was packed in single sachets containing a 
daily dose of 5 g. The powders had to be dissolved in 250 
mL of water at room temperature and ingested once daily.
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4. Statistical analysis
All data are presented as mean±standard deviation (SD) 

in tables. IBM SPSS Statistics (version 25.0; IBM Corp., Ar-
monk, NY, USA) was used for all statistical analyses. All tests 
in the descriptive analysis were performed as 2-sided tests, 
and the significance level was set at α=0.05.

The changes in BMD and T-scores for spine and femur 
during the intervention period within the group were ana-
lyzed by repeated-measures ANOVA. The factor was time 
(start, first, second and third year of follow-up).

RESULTS

1. Subjects
Of the 131 subjects who completed the initial random-

ized controlled trial, 13 women of the former treatment 
group (group 1) and 18 women of the former placebo group 
starting the oral treatment with specific collagen peptides 

at the beginning of the follow-up (group 2) agreed to con-
tinue the follow-up. In total, 23 had completed the follow-
up. Eight women of group 2 voluntarily withdrew from 
further participation. The drop-outs are listed in Figure 1. 
None of the drop-outs was related to any side effects or 
adverse events caused by taking the collagen peptide sup-
plement. No serious adverse events were observed in ei-
ther group. No adverse events were reported and, in par-
ticular, no pathological findings were observed in routine 
testing. Therefore, the investigational product appears safe 
and well-tolerated.

The data of the participants at the start of the follow-up 
are summarized in Table 1. No statistically significant dif-
ferences for any parameter were observed between the 2 
study groups at the beginning of the follow-up (Table 1).

2. Changes in BMD 
As shown in Figure 2, the current investigation identified 

Fig. 1. Flow chart of participants (trial profiles).

Intervention (n=131)

Follow-up (n=31)

First year (begin follow up)

Second year

Third year

Fourth year

Allocated to treatment group (n=66) 
   - Received allocated intervention (n=66)

Former treatment group allocated  
to treatment group 1 (n=13) 

   - Received treatment

Lost to follow up (n=0) 
- Received treatment (n=13)

Lost to follow up (n=0) 
-  Received treatment (n=13)

Lost to follow up (n=0) 
- Received treatment (n=13)

Lost to follow up (n=0) 
- Received treatment (n=18)

Lost to follow up (n=6)  
(Non-appearance at examination date) 

- Received treatment (n=12)

Former placebo group allocated  
to treatment group 2 (n=18) 

- Received treatment

Allocated to placebo group (n=65) 
   - Received allocated intervention (n=65)

Lost to follow up (n=2) 
(Non-appearance at examination date) 

- Received treatment (n=10)
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Table 1. Initial data for the follow-up population (N=31)

Total (N=31) Group 1 (N=13) Group 2 (N=18) P-valuea)

Age (yr) 62.9±7.21 62.9±8.57 62.9±6.31 0.987

Height (m) 1.62±0.067 1.62±0.061 1.61±0.072 0.505

Body weight (kg) 61.4±9.42 63.2±9.93 60.2±9.11 0.387

BMI (kg/m2) 23.6±4.10 23.8±3.51 23.4±4.57 0.773

RRsyst (mmHg) 123.4±27.5 115.5±30.6 128.6±24.7 0.208

RRdia (mmHg) 82.7±11.0 79.2±9.00 85.0±11.8 0.157

BMD spine (g·cm-2) 0.778±0.095 0.773±0.108 0.783±0.086 0.784

BMD femur (g·cm-2) 0.796±0.085 0.815±0.101 0.782±0.072 0.307

T-score spine −2.47±0.823 −2.52±0.943 −2.44±0.751 0.784

T-score femur −1.43±0.689 −1.28±0.813 −1.54±0.583 0.304

The data is presented as mean±standard deviation. 
a)Differences between groups tested with unpaired Student’s t-test.
BMI, body mass index; BMD, bone mineral density; RRsyst, systolic blood pressure; RRdia, diastolic blood pressure. 

Fig. 2. Changes in bone mineral density and T-scores for spine and femur from start of follow-up to 4th year of treatment. Data shown as mean. 
#P<0.05 within group from start of follow-up to 2nd year of treatment. *P<0.05 within group from start of follow-up to 4th year of treatment. 
§P<0.05 within group from 2nd to 4th year of treatment. †P<0.05 within group from 3rd to 4th year of treatment. The annual loss of normal popu-
lation without treatment according to Finkelstein et al. [18].
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a clear improvement in the BMD of the spine and femur in 
both groups. From the start of follow-up to the second 
year (P=0.006) and to the fourth year (P=0.049) of treat-
ment, changes in the BMD of the spine were statistically 
significant in group 1 (Fig. 2). Furthermore, changes in the 
BMD of the femoral neck reached the level of statistical 
significance within group 1 from the second to the fourth 
year of treatment (P=0.040) and from the third to the fourth 
year of treatment (P=0.018). In group 2 tendency towards 
significance was demonstrated for changes in the BMD of 
the femoral neck from the second to the fourth year of treat-
ment (P=0.052). These results are in line with the changes 
in the T-scores of the respective measurement sites (Fig. 2). 

The relative changes in spine and femoral neck during 
the total follow-up period was 5.79% and 4.21% for group 
1, respectively. In group 2, the results of the DXA revealed 
an improvement of 8.16% in the spine and 1.23% in the 
femoral neck. In group 1 the relative changes in the spine 
showed a tendency towards significance (P=0.059). For all 
other measurements, the relative changes did not reach 
the level of statistical significance. 

None of the participants within either group 1 or 2 had 
osteoporotic fractures during the follow-up period.

DISCUSSION

In the follow-up, a daily intake of 5 g of specific collagen 
peptides showed a progressive increase in BMD, indicating 
an increased anabolic bone metabolism in postmenopaus-
al women after a total of 4 years. The results are consistent 
with the findings of the study by König et al. [15], on which 
this observational follow-up was based.

As the magnitude of the change in the BMD, the least 
significant change has to be considered. Since the DXA 
measurement has an estimated precision of 1.1% in the 
respective measurement sites, a clinically relevant change 
in BMD has to be at least 3%.[17] In the current follow-up 
observation, BMD increased by 5.79% to 8.16% in the spine 
and by 1.23% to 4.21% in the femoral neck. Moreover, it is 
known from the literature that in postmenopausal women 
the average annual loss of BMD in the spine and hip is 0.022 
and 0.013 g/cm².[18] Taking into account these changes in 
the postmenopause, the improvement in BMD in the spine 
and femoral neck was 7% in relation to the loss of BMD 
known from the literature indicating a pronounced, clini-

cally relevant effect.[19] The positive impact of the specific 
collagen peptides on BMD and its clinical relevance in os-
teoporosis treatment was supported by the absence of any 
fractures during the follow-up period.

To date, there is only a limited number of clinical studies 
that investigate the osteoprotective effect of collagen pep-
tides. Previous clinical studies have only shown a synergis-
tic effect of collagen peptides with calcium, vitamin D and 
calcitonin therapy.[10,11] Preclinical studies have shown 
that the single administration of collagen peptides has a 
beneficial effect on bone metabolism.[20,21]

According to the current state of research, the positive 
effect of collagen peptides in cartilage,[22-26] tendon and 
ligament [27] tissue may be due to molecular biological 
processes such as the stimulation of elastin, collagen type I 
and III formation. 

Collagen structures also play an important role in bone 
development. They bind and store growth factors and cy-
tokines. For example, insulin-like growth factor-I and II are 
linked by collagen in the bone. Collagen networks are bro-
ken down during bone remodeling. As a result, growth fac-
tors, which in turn promote bone formation, are released. 
The Asp-Gly-Glu-Ala peptides, which are also derived from 
collagen, are able to trigger the formation of osteoblasts 
from bone marrow cells. Hyp-peptides also promote os-
teoblast activity, resulting in increased bone mineralization 
and the synthesis of organic bone components.[28] Future 
research is warranted to examine the influence of collagen 
peptides in bone metabolism at the cellular level.

This follow-up observation has some limitations. The 
small sample size reduces the power and increases the 
margin of error. Since various collagen peptide products 
differ in their composition and hence their bioavailability 
and mode of action, the respective effects of the follow-up 
observation cannot be assumed for all collagen peptides. 

CONCLUSIONS

The daily intake of 5 g of specific bioactive collagen pep-
tides resulted in a steady increase in BMD and the T-score 
in the spine and femoral neck after 4 years. Previously known 
therapy options are sometimes poorly tolerated and, in 
some cases, associated with severe side effects. Although 
further research is needed, specific bioactive collagen pep-
tides (FORTIBONE®) could offer an innovative therapeutic 
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approach for a long-term osteoporosis treatment with good 
tolerability without the potential side effects of some forms 
of drug treatment. 
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